Summary This study revealed the risk of major osteoporotic fracture in patients with sarcoidosis exposed to glucocorticoids. Current use of glucocorticoids was associated with a risk of fracture, with no difference between patients with and without sarcoidosis. Sarcoidosis per se was not associated with an increased fracture risk.
models were used to derive adjusted odds ratios (OR) of major osteoporotic fractures in subjects with and without sarcoidosis stratified by average daily and cumulative dose exposures. Results A total of 376,858 subjects with a major osteoporotic fracture and the same number of subjects without this event were identified (mean age 64.2 ± 19.5 years, 69% female). In patients with sarcoidosis (n = 124), current use of GC was associated with an increased risk of major osteoporotic fracture (adjusted (adj.) OR 1.74; 95% CI 1.17-2.58), which dropped to baseline levels after discontinuation. In subjects without sarcoidosis, this risk was comparable (adj. OR 1.36; 95% CI 1.32-1.40). In sarcoidosis patients, cumulative dose 1.0-4.9 g and >10 g prednisolone equivalents were associated with increased risk of major osteoporotic fracture (adj. OR 2.75; 95% CI 1.06-7.14 and 2.22; 95% CI 1.17-4.22, respectively), whereas a cumulative dose of <1.0 g and 5.0-9.9 g was not associated with major osteoporotic fracture risk.
Introduction
Sarcoidosis is a multisystem, chronic inflammatory, granulomatous disease of unknown etiology that primarily affects the lungs, lymph nodes, skin, eyes, and liver. However, almost all organs of the body may be involved, including the musculoskeletal system [1] . The annual incidence of the disease ranges from 5 to 40 cases per 100,000 individuals worldwide. Highdose systemic glucocorticoids (GCs) have been the cornerstone of initial treatment. Although their exact mechanism of action in the treatment of sarcoidosis remains unknown, they are considered to suppress the granulomatous inflammatory process [2] . Typical regimens range from 20 to 40 mg oral prednisolone equivalents per day for 4 to 6 weeks, and may then be tapered off, depending on the severity of the underlying disease [1, 2] . Treatment with GCs has been associated with a decrease in BMD and an increased fracture risk, particularly fractures of the hip and vertebrae [3] . The onset of GC-induced fracture risk occurs rapidly, increases with higher average daily doses, and drops quickly to baseline after discontinuation [4, 5] .
In addition, a limited number of studies have assessed fracture risk in patients with sarcoidosis. A cross-sectional study in 124 patients with sarcoidosis exposed to GCs reported a prevalence of 20% of vertebral deformities; a separate study showed 32% vertebral deformities over a period of 4 years later, although no reduced BMD was observed [6, 7] . Another cross-sectional study with 142 patients showed similar results; vertebral fractures occurred in 24% of patients whereas a normal mean BMD was found [7] . These data suggest an increased risk of vertebral fractures in patients with sarcoidosis, which is not reflected by changes in BMD [6] [7] [8] . A large observational cohort study using data from the UK Clinical Practice Research Datalink showed a doubled risk of osteoporotic fracture (spine, hip, forearm, or humerus fracture) in sarcoidosis patients who had received >10 mg prednisone per day [9] . Whether or not sarcoidosis per se is a risk factor for fractures is currently unknown. Also, the potential relation with the type of osteoporotic fracture is unclear.
The objectives of the current study were to study the risk of major osteoporotic fractures in patients with and without sarcoidosis and investigate the relation with average and cumulative GC exposure and the type of major osteoporotic fractures in both these groups.
Methods

Source population
A population-based case-control study was conducted using electronic medical records from the Danish National Database. In Denmark, separate registers of computerized medical records on all contacts to hospitals and on the use of drugs can be linked for the entire population (approximately 5.5 million inhabitants) [10] . Information on hospital admissions is kept in the National Hospital Discharge Register. The register was founded in 1977 and covers all inpatients contacts from 1977 to 1994 and from 1995 onwards as well as all outpatient visits to hospitals, outpatient clinics, and emergency rooms. Upon discharge, the physician codes the reason for the contact according to the International Classification of Diseases (ICD) system. The register has nationwide coverage of public hospitals with an almost 100% completeness of recordings and a high precision of diagnoses [10, 11] , particularly for fracture diagnoses [12] .
The Danish Medicines Agency keeps a nationwide prescription database, the Register of Medicinal Product Statistics, with key information on prescriptions for refundable drugs. The prescription database includes information on the patient's civil registry number, the type and amount of drug prescribed according to the Anatomical Therapeutical Chemical (ATC) classification system [13] , and the date when the prescription was filled. The database started on January 1, 1994 and has been updated hereafter. All registers can be linked through the use of the civil registry number that is assigned to all Danish citizens [14] .
Study population/outcome
Cases were all subjects aged 18 years and older, who had sustained a major osteoporotic fracture between 1 January 1995 and 31 December 2011. A major osteoporotic fracture was defined as a fracture of the hip (ICD10 code S72.0-S72.2), radius/ulna (S52), vertebrae (S12, S22.0-S22.1, S32.0-S32.2, S32.7, S32.8, T08), or humerus (S42.2-S42.4) according to the World Health Organization's (WHO) definition [15] . To each case, a control subject who did not sustain a major osteoporotic fracture was randomly matched by gender and year of birth using the incidence-density sampling technique [16] . The date of the first major osteoporotic fracture defined the index date. Controls received the same index date as their matched cases. This database has been reported to have a quality recording of patient's diagnosis [11] and has been used in studies on patients with sarcoidosis [17] [18] [19] .
Exposure
Sarcoidosis before the index date was determined based on ICD-10 code (D86). In addition, we evaluated GC use before the index date for all patients. Based on the time since the most recent GC prescription prior to the index date, patients were classified as current (>0-3 months), recent (4-6 months), past (7-12 months), or distant past (>1 year) users.
For each current GC user, the cumulative and average daily GC exposures were estimated. The cumulative dose was calculated by adding up all previous GC prescriptions using the World Health Organization's defined daily dosages (DDDs) [5] . The average daily dose was calculated by dividing the cumulative GC exposure by the treatment time (i.e., the time between the first GC prescription and the index date). GC exposure was expressed as oral prednisolone equivalents using average daily and cumulative dose. Cumulative dose was classified as <1.0, 1.0-4.9, 5.0-9.9, or ≥10 g [5] .
We considered the following potential confounders before the index date: a history of chronic obstructive pulmonary disease (COPD), a previous fracture, rheumatoid arthritis, inflammatory bowel disease (IBD), or secondary osteoporosis (type 1 diabetes, hyperthyroidism, hypogonadism, or renal failure). Other potential confounders included a prescription in the 6 months before the index date of the following drugs: bisphosphonates, vitamin D, calcium, raloxifene, strontium, denosumab, calcitonin, parathyroid hormone, hormone replacement therapy, inhaled corticosteroids, inhaled bronchodilators, antipsychotics, antidepressants, hypnotics/anxiolytics, anticonvulsants, and anti-Parkinson drugs.
Statistical analysis
Conditional logistic regression was used to estimate odds ratios (ORs) for fracture risk (SAS 9.3). Final regression models were determined by stepwise backward elimination using a significance level of 0.05. Analysis was stratified by current, recent, past, and distant GC use in patients with sarcoidosis and without sarcoidosis. We also stratified individuals according to their cumulative and average daily dose of systemic GC exposure. Additionally, we analyzed the risk of hip, radius/ ulna, and clinically symptomatic vertebral fractures among current GC users. All results were presented as ORs with corresponding 95% confidence intervals (CIs).
Results
A total of 376,858 subjects, with a major osteoporotic fracture and the same number of subjects without such fracture, were included. Table 1 shows the baseline characteristics. The mean age of our population was 64.2 ± 19.5 years, and 69% were female. About 5% of the cases (n = 19,476) and 4% of the controls (n = 13,734) had used GCs in the 6 months before the index date. There was a previous history of fracture in 26.3% of the cases and 8.3% of the controls. A higher proportion of cases had used anticonvulsants, hypnotics, anxiolytics, and antidepressants in the 6 months prior to index date. There were 493 (0.1%) patients with sarcoidosis among the cases and 402 (0.1%) among the controls with adjusted (adj.) OR of 1.14 and 95% CI of 0.99-1.31. Table 2 shows GC use and the risk of a major osteoporotic fracture among patients with sarcoidosis and without sarcoidosis stratified by GC use. Among subjects with a major osteoporotic fracture, 263 patients had a diagnosis of sarcoidosis and GC use compared with 182 in controls. In patients with sarcoidosis, current use of GC was associated with an increased risk of major osteoporotic fracture (adj. OR 1.74; 95% CI 1.17-2.58) compared to never GC using subjects without sarcoidosis. No association was seen with recent use of GC in patients with sarcoidosis (adj. OR 1.47; 95% CI 0.72-3.01). Similarly, distant and past GC use was not associated with an increased risk.
In subjects without sarcoidosis, current use of GCs was associated with an increased risk of major osteoporotic fracture compared to never GC using subjects with sarcoidosis (adj. OR 1.36; 95% CI 1.32-1.40). The risk of major osteoporotic fracture in patients with recent exposure to GCs without sarcoidosis was marginally increased (adj. OR 1.11; 95% CI 1.06-1.16). However, past and distant GC use was not associated with major osteoporotic fracture risk. There was no difference in risk of major osteoporotic fracture with current GC use between subjects with and without sarcoidosis (p value Wald test = 0.23).
Current GC use was associated with increased risk of hip fracture in both sarcoidosis subjects (adj. OR 3.80; 95% CI 1.23-11.50) and patients without sarcoidosis (adj. OR 1.55; 95% CI 1.47-1.64). Similarly, the risk of clinically symptomatic vertebral fracture was increased with current GC use in patients with sarcoidosis (adj. OR 6.05; 95% CI 1.59-23.00) and without sarcoidosis (adj. OR 2.35; 95% CI 2.14-2.59). The risk of radius/ulna fractures was not associated with current GC use in patients with sarcoidosis (adj. OR 1.09; 95% CI 0.64-1.87) while the risk was slightly elevated among subjects without sarcoidosis (adj. OR 1.08; 95% CI 1.03-1.13; Table 3 ). Table 4 shows GC exposure and risk of major osteoporotic fracture stratified by average daily dose and cumulative daily dose in sarcoidosis and non-sarcoidosis. Current GC use was further stratified by average daily dose. Average daily dose <7.5 and ≥15 mg prednisolone equivalents was not associated with a risk of major osteoporotic fracture in sarcoidosis patients (adj. OR <7.5 mg 1.37; 95% CI 0.79-2.40; adj. OR ≥15 mg 1.22; 95% CI 0.54-2.74). Average daily dose 7.5-14.9 mg prednisolone equivalent was associated with an increased risk of major osteoporotic fracture (adj. OR 3.62; 95% CI 1.59-8.26) compared to never GC use in patients with sarcoidosis.
Current GC use was also stratified by cumulative dose among sarcoidosis patients. A cumulative dose 1.0-4.9 and >10 g prednisolone equivalent was associated with an increased risk of major osteoporotic fracture (adj. OR 2.75; 95% CI 1.06-7.14 and 2.22; 95% CI 1.17-4.22, respectively), whereas a cumulative dose of <1.0 and 5.0-9.9 g was not associated with major osteoporotic fracture risk as compared to never GC use (adj. OR 1.34; 95% CI 0.33-5.39 and 1.03; 95% CI 0.51-2.08, respectively).
In subjects without sarcoidosis, a dose-response relationship was observed between average daily dose and major osteoporotic fracture risk. The highest risk was seen among patients without sarcoidosis who received ≥15 mg prednisolone equivalents (adjusted OR 1.79; 95% CI 1.66-1.92). The risk of major osteoporotic fractures increased with increase in 
Discussion
We found that currently using GC patients with sarcoidosis have a 1.7-fold increased risk of major osteoporotic fracture compared to never GC users without sarcoidosis. This risk was mainly related to hip and clinically symptomatic vertebral fractures and was comparable to that in subjects without sarcoidosis. Also, sarcoidosis per se was not associated with increased risk of major osteoporotic fractures. Among subjects with and without sarcoidosis, the risk of osteoporotic fractures quickly disappeared after cessation of GC use. In contrast to subjects without sarcoidosis, there was no doserelated increase in the risk of major osteoporotic fractures with increasing daily and cumulative dose among sarcoidosis patients.
The findings from our study are consistent with a population-based cohort study in patients with sarcoidosis using data from the Clinical Practice Research Datalink (CPRD), which found an increased risk of any fracture (adjusted OR 1.50; 95% CI 1.20-1.89) among sarcoidosis patients with exposure to systemic GCs compared to non-users of GCs with sarcoidosis [9] . In that study, exposure was defined as systemic GCs use in the previous 6 months, which compares to current and recent GC exposure together in our study. Similarly, we found an increased risk of major osteoporotic fracture among non-sarcoidosis patients with current GC use compare to never GC use. Furthermore, we tested the risk of major osteoporotic fractures in current GC users with and without sarcoidosis. We found no difference in the two groups, which suggest that the disease itself may not increase the risk of major osteoporotic fracture. Various studies, evaluating fracture risk with GC use but with no particular focus on patients with sarcoidosis, have reported an increased risk of fracture with current GC use [5, 20, 21] .
Some studies in other groups have reported a dosedependent increase in the risk of fractures, with varying explanations for the perceived increased risk observed [22, 23] . However, Bours et al. [9] also found that fracture risk did not increase significantly with increased daily or cumulative dose in patients with sarcoidosis. This was in line with our observation among patients with sarcoidosis. Nevertheless, in patients without sarcoidosis, a dose-related increased risk of major osteoporotic fracture with increase in cumulative and average daily dose of GCs was observed. It is important to note that the dose-response relationship disappeared at a cumulative dose ≥10 g, which might indicate a dose threshold. In a case-control study conducted in Denmark, increase in cumulative dose of corticosteroids was associated with increased risk of hip fractures [24] . Another study, which evaluated fracture risks with use of GCs, concluded that current exposure to daily dose ≥15 mg and cumulative exposure ≤1 g resulted in a small increased risk of osteoporotic fracture [9] . Also, the risk increased with increasing cumulative exposure [9] . The lack of a dose-related increased risk of major osteoporotic fracture in sarcoidosis patients enrolled in our study was likely due to the small number of patients in each dose category. However, it is also possible that other factors, including disease activity, dietary intake, or decreased physical activity, contribute to increased fracture risk in GC using sarcoidosis patients. This warrants further study. Although the exact mechanism of major osteoporotic fracture in patients with sarcoidosis exposed to GCs remains unknown, it might be due to a complex interplay of factors. Researchers have always linked this to low BMD in patients. Various studies showed normal BMD in patients with sarcoidosis [7, 8, 25, 26] even in those undergoing GC therapy [8] although a study carried out among postmenopausal women showed a decrease in BMD [27] . The actual reason for this is unknown but it is hypothesized that in patients with sarcoidosis, mechanisms exist which compensate for the effect of inflammatory cytokines on osteoclastogenesis and bone resorption [9, 28] . Low dietary calcium is correlated with low BMD and increase fracture risk [7] . There is an increased risk of sarcopenia in patients with increased risk of bone loss [29] . Higher levels of 25(OH)D and 1.25(OH)D are associated with the increased risk of fracture and bone resorption in sarcoidosis [22] . Likewise, other factors such as CRP and calcium levels could potentially affect the risk of fractures in patients with sarcoidosis [9, 22, 23, 30, 31] .
The main strength of our study was the large sample size among case and control populations. This was possible because our study was conducted using the Danish National database with approximately 5 million anonymised patient records from across Denmark [10] . We were also able to adjust for a wide range of covariates. Our limitations included the lack of information on smoking, alcohol use, inflammatory markers, muscle mass or strength, and BMD as such we could not adjust for these potential confounders in our analysis. There is also a potential of missed diagnosis of sarcoidosis due to the different clinical presentation of the disease. We could not independently confirm the predictive values of cases diagnosed with a fracture by a general practitioner. However, a high positive predictive value (93%) of diagnosis of fractures has been reported in the Danish database [24] , thereby limiting the possibility of misclassification of cases and controls in our study. As with most observational studies, we could not rule out the possibility of misclassification of exposure to GCs. Information on potential treatment received prior to entry into the Danish National database was also not available. There is a chance that vertebral fractures may have been underrepresented in the study population; however, we expect that this will affect both sarcoidosis and non-sarcoidosis patients (non-differential misclassification).
In conclusion, we found that current GC use was associated with an increased risk of major osteoporotic fracture compared to never GC use in subjects with and without sarcoidosis. There was no dose-related increase in risk of a major osteoporotic fracture with increasing daily and cumulative dose among sarcoidosis patients as was seen in patients without sarcoidosis. The risk of major osteoporotic fractures was comparable in current GC users with and without sarcoidosis, which suggests that the disease itself may not increase the risk of major osteoporotic fractures and that is mainly related to GC use. Patients currently exposed to GC are particularly vulnerable to increased fracture risk as such clinicians should consider regular fracture risk assessment to detect changes in bone integrity and may contemplate the initiation of osteoporosis treatment when necessary in patients with sarcoidosis. Having sarcoidosis per se, i.e., if not treated with GC, is not a risk factor for fracture, and such patients may only need risk assessment when they commence GC therapy.
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